Malaysia was hit hard by the global financial crisis of 2008-09. Anticipating the downturn that would follow the episode of extreme financial turbulence, Bank Negara Malaysia (BNM) let the exchange rate depreciate as capital flowed out, and preemptively cut the policy rate by 150 basis points. Against this backdrop, this paper tries to quantify how much deeper the recession would have been without the BNM's monetary policy response. Taking the most intense year of the crisis as our baseline (2008:Q4-2009:Q3), counterfactual simulations indicate that rather the actual outcome of a -2.9 percent contraction, growth would have been -3.4 percent if the BNM had not implemented countercyclical and discretionary interest rate cuts. Furthermore, had a fixed exchange rate regime been in place, simulations indicate that output would have contracted by -5.5 percent over the same fourquarter period. In other words, exchange rate flexibility and the interest rate cuts implemented by the BNM helped substantially soften the impact of the global financial crisis on the Malaysian economy. These counterfactual experiments are based on a structural model estimated using Malaysian data.
EXECUTIVE SUMMARY
This paper argues that proactive monetary policy by the Bank Negara Malaysia (BNM) helped soften the impact of the global financial crisis of 2008-09. Specifically, the findings suggest that without the countercyclical and discretionary interest rate cuts and exchange rate flexibility, the global financial crisis would have been associated with a much deeper economic contraction in Malaysia.
To mitigate the severity of the downturn that would very likely follow the financial stress episode which intensified in the fall of 2008, the BNM let the exchange rate depreciate and cut policy rates by 150 basis points. But did it help?
The most intuitive way to communicate our quantitative results is by taking the growth rate during the most intense year of the global financial crisis as our baseline, namely the four quarters spanning 2008:Q4-2009:Q3. Model-based counterfactual simulations indicate that without the countercyclical and discretionary interest rates cuts implemented by the BNM, output would have contracted by 3.4 percent rather than the actual 2.9 percent during these four quarters. Moreover, if a fixed exchange rate regime would have been in place of the current monetary policy framework (which allows exchange rate flexibility), the results indicate that growth would have been -5.5 percent. In other words, these simulations underscore the favorable output stabilization properties owing to the combination of countercyclical monetary policy and exchange rate flexibility.
These finding are based on counterfactual simulations derived from an estimated dynamic stochastic general equilibrium (DSGE) model which, along with standard nominal and real rigidities, includes a financial accelerator mechanism in an open-economy framework.
I. INTRODUCTION
The global financial crisis which intensified in September 2008 was characterized by an episode of acute international financial stress and a sharp global economic contraction. 2 In this context, taking the most intense year of the crisis as our baseline, namely the four quarters spanning the 2008:Q4-2009:Q3 period, Malaysian real GDP contracted by about three percent (Figure 1 ). While such a downturn is quite moderate relative to many other economies' experiences, Malaysia was one of the most adversely affected Asian economies. To mitigate the severity of the recession, Bank Negara Malaysia (BNM) let the exchange rate depreciate and cut policy rates by 150 basis points-did this help?
The focus of this paper is to assess the role of countercyclical interest rate cuts and exchange rate flexibility in mitigating the fallout from the global financial crisis of 2008-09. Specifically we seek to address to following question: If the countercyclical and discretionary interest rate cuts along with exchange rate flexibility had not been allowed, how much deeper would the downturn in Malaysia have been? This paper finds that the downturn would have been substantially more severe.
To provide a quantitative answer to this question, we develop and estimate a small open economy dynamic stochastic general equilibrium (DSGE) model designed to capture salient features of the Malaysian economy. The model contains a number of nominal and real frictions such as sticky prices, sticky wages, variable capital utilization, investment adjustment costs, and habit persistence, and also incorporates a financial accelerator mechanism à la Bernanke and others (1999) in an open-economy setup to better fit the Malaysian data.
The model is used to generate counterfactual simulations. To more intuitively convey our quantitative results, we consider the growth rate during the most intense year of the global financial crisis as our baseline, namely the four quarters covering the 2008:Q4-2009:Q3 period. In this context, our counterfactual simulations indicate that without the countercyclical and discretionary interest rate cuts possible under the BNM's current monetary policy framework, growth over the four quarters under consideration would have been -3.4 percent instead of the actual outcome of -2.9 percent. This difference in outcomes is in line with Christiano and others (2008) , which finds growth contributions of 75 basis points and 127 basis points for the United States and the Euro area, respectively, which is further discussed below. Other counterfactual experiments are also insightful. For example, if a fixed exchange rate regime would have been in place instead of the current monetary policy regime which allows exchange rate flexibility, the results indicate that growth over the 2008:Q4-2009:Q3 period have been -5.5 percent.
In sum, without a flexible exchange rate regime and active countercyclical monetary policy, the impact of the recent global financial crisis would have been substantially more severe. The BNM's current monetary policy framework underpinned by a flexible exchange rate seems to have increased the robustness of the Malaysian economy to shocks. In particular, along with the countercyclical and discretionary interest rate cuts, exchange rate flexibility served as a shock absorber, both of which increased the resilience of the economy. The latter result echoes the favorable output stabilization properties of exchange rate flexibility which can be traced back to at least the seminal contributions of Mundell and Fleming. This paper builds on a tradition of small open economy DSGE models. Over time, these real models such as Mendoza (1991) were augmented with nominal rigidities to motivate and then explore the implications of monetary policy (for example, Gali and Monacelli, 2002, among others) . To capture financial frictions more appropriately, building on Bernanke and others (1999) , a financial accelerator mechanism was also added on to these models (see for example, Cespedes and others, 2004; Devereux, and others, 2006; Gertler, and others, 2007;  as well as Elekdag and Tchakarov, 2007) .
With the growing feasibility and popularity of Bayesian methods, building upon the closed economy studies of Wouters (2003, 2007) , small open economy models were estimated (Lubik and Schorfheide, 2007) . Then, Elekdag, Justiniano, and Tchakarov (2006) estimated a small open economy model with a financial accelerator for an emerging market, which later motivated others to use richer modeling structures (see, for example, GarciaCicco, 2010) . Against this backdrop, as in Alp and Elekdag (2011) and Alp, Elekdag, and Lall (2011) , this paper takes Elekdag, Justiniano, and Tchakarov (2006) as a starting point, and augments their model with some of the features in Gertler and others (2007) , Smets and Wouters (2007) to improve model fit and to facilitate the counterfactual simulations discussed below.
This paper is structured as follows. The next section begins by briefly providing the background to the nature of the shock that hit Malaysia in the immediate aftermath of the collapse of Lehman Brothers in September 2008. The paper then goes on to describe the model used in this paper, followed by a description of the estimation results for the case of Malaysia. This is followed by an assessment of the result and its implications for the channels of transmission of monetary policy. The final section concludes with some policy implications. In response to the real and financial spillovers, the authorities acted swiftly and decisively to maintain financial stability as well as cushion the downturn that was in prospect, given the financial stress and sharp markdown of global growth prospects. Bank Negara Malaysia (BNM) safeguarded short-term funding in the banking system by announcing in October 2008 its willingness to back interbank lending. It also used a combination of foreign exchange intervention and some depreciation of the exchange rate, as a response to capital outflow pressures. BNM cut policy interest rates by 150 basis points to 2 percent, and reduced reserve requirements to ease financial intermediation costs. In addition to other financial policy measures, two fiscal stimulus packages were implemented to cushion the economy.
II. BACKGROUND TO
The swift and comprehensive policy response, against the backdrop of robust financial and corporate sector balance sheets, helped cushion the downturn. Despite the very severe shock to the economy, output contracted relatively modestly before rebounding rapidly in 2010.
III. A MODEL FOR MALAYSIA'S MONETARY POLICY
This section presents an overview of the structural model underpinning our quantitative results on the role of monetary policy during the downturn. As mentioned above, readers primarily interested in the main policy implications of the paper could directly proceed to Section V. The goal here is to present the general intuition of the model. For further details, please see Alp, Elekdag, and Lall (2012) .
The structural framework builds upon a core (New) Keynesian model. The model used is an open-economy variant of what the literature refers to as a New Keynesian dynamic stochastic general equilibrium (DSGE) model. However, to better fit the data, the model is augmented with a number of features including real and nominal rigidities (including, for example, investment adjustment costs and sticky wages), as well as a financial accelerator mechanism (to capture financial market imperfections) among several others. The model consists of several agents including households, producers, and the government. There are three types of producers: entrepreneurs, capital producers, and retailers. The government is responsible for implement monetary and fiscal policy. In what follows, this section will focus on the transmission of certain shocks and the role of monetary (and exchange rate) policy.
A. The Transmission of Shocks
Recall that this paper seeks to investigate the role of monetary policy in softening the impact of the global financial crisis on the Malaysian economy. To help foster model intuition, it would be useful to focus on three shocks associated with the crisis and explore how they were transmitted to Malaysia. These shocks are: a collapse in foreign demand, distress across international capital markets, and heightened uncertainty. An overview of how these shocks are propagated within our model is discussed below in turn.
The export demand shock
The export demand shock, or perhaps equivalently, the foreign demand shock, propagates through the model via the market clearing condition below: Leaving aside differences in notation, this is basically the standard aggregate demand identity for home (domestically produced) goods, which posits that domestic output is equal to the sum of consumption of domestically produced goods (which is the sum of both household and entrepreneurial consumption, ), domestic investment good, , government expenditures, , and exports, . Therefore, a collapse in export (foreign) demand is simply represented by a decline in .
The sudden stop shock
Malaysia's experience during the global financial crisis was also associated with a reversal of capital inflows (a "sudden stop" in the parlance of Calvo and others, 2004) , as well as a sharp depreciation of the exchange rate. To capture these interrelated disruptions, we (as do many other papers) augment the uncovered interest parity (UIP) condition with an exogenous shock:
where, and , represent the domestic and international (gross) interest rates, respectively, denotes the nominal exchange rate (Malaysian ringgit per US dollar-an increase represents a depreciation), is the expectations operator (conditional on information up to time t), and is the sudden stop shock (also referred to an exchange rate shock or UIP shock other in the literature). Therefore, as in Gertler and others (2007) , a shock that triggers large capital outflows is captured by this exogenous term which is appended to an otherwise standard UIP condition. This sudden stop shock would serves to capture an important dimension of the financial aspect of the recent crisis.
The (financial) uncertainty shock
The description of this shock warrants some background. In this model, the real cost of capital departs from the standard representation in other studies because of the existence of an external finance premium. Consider the equation below: · where we have that the real cost of capital, , is equal to the real interest rate, , augmented by the external finance premium represented by the term · . In turn, the external finance premium depends on the leverage ratio (assets scaled by net worth) of the entrepreneurs:
Note that total assets, , depends on the price of equity, , which is not sticky (in contrast to goods prices or wages). This implies that the leverage ratio is quite sensitive to asset price fluctuations.
The precise specification of the evolution of net worth, , is complex (and shown in Alp and Elekdag, 2011) , so here we use an abridged version:
where and , denote the entrepreneurial wage bill and the value of the firm, respectively. The (financial) uncertainty shock is an exogenous process, represented by the term, , which by construction has a direct impact on the level of aggregate net worth and therefore the external financial premium. Put differently, the net worth shock could be interpreted as a shock to the rate of destruction of entrepreneurial financial wealth (in line with several other studies). This shock directly affects entrepreneurial net worth and has been used in various forms by Elekdag and others (2006) , Curdia (2007) , Christiano and others (2010) , and more recently by Alp and Elekdag (2011) . Another way to think about this shock is that it could be thought of capturing counterparty risk-owing part to Knightian uncertainty-a key consideration during the global financial crisis. This heightened uncertainty regarding cash flows, for example, would impair assets and thus disrupt the financial system.
B. What Role for Monetary Policy?
In our model, the central bank alters interest rates in an attempt to achieve certain policy objectives. Before proceeding to the details, note that the policy rule to be described below implies that the monetary authority sets the nominal interest rate, taking into consideration the inflation rate deviation from the time-varying inflation objective, the output gap, the rate of exchange rate depreciation, and the previous period's interest rate (policy smoothing).
A simplified version of the empirical interest rate rule takes the following (log-linear) form (for further details, see Alp and Elekdag, 2011) :
where in this flexible specification, ̂ , , , ̂ denote the (short-term policy) interest rate, the (core CPI) inflation rate, the output gap, and the nominal exchange rate, respectively. Note that denotes the monetary policy shock-interest rate changes that deviate from the (empirical) interest rate rule would be captured by this disturbances and could be considered discretionary monetary policy. The time-varying inflation objective, , is assumed to evolve according to the following stochastic process:
The time-varying inflation objective has also been used in the literature to capture structural changes in the conduct of monetary policy that are not captured otherwise (see Adolfson and others, 2007 , for further details).
Anticipating the results to follow, notice that when the output gap is negative-that is, output is below potential-strict adherence to the rule above would imply that the interest rate decreases by an amount dictated by the coefficient, . However, the monetary authority (BNM) might decrease interest rates by more than what the systematic component of the rule would imply. Recall that this deviation from the rule is capture by the error term, , which is the monetary policy shock-thereby capturing discretionary monetary loosening. As will be discussed in further detail below, during the most intense episode of the global financial crisis, interest rates decreased by more than the amount the empirical counterpart of the rule would have implied, helping soften the impact of the global financial crisis.
C. The Monetary Transmission Mechanism
Before continuing, it might be useful to provide an overview of how monetary policy is transmitted throughout the economy. Reviewing the monetary transmission mechanism would also provide further insight regarding the dynamics of the model. Countercyclical monetary policy is propagated via three main channels in the model; for illustrative purposes, consider an interest rate increase:

The first channel operates as interest rates affect domestic demand, which is primarily comprises consumption and investment. Working through the Euler equation, higher real interest rates foster an increase in saving as consumption is postponed to later periods. At the same time, higher real interest rates increase the opportunity cost of investment, decreasing the rate of capital accumulation. As a result, domestic demand decreases, putting downward pressure on inflation.
The second channel brings out the open economy features of the model as it works via the exchange rate. Because of the nominal rigidities, the increase in the nominal interest rate translates into higher real interest rates and is associated with an increase in the real exchange rate. In turn, this appreciation of the real exchange rate suppresses net exports (the expenditure switching effect), further decreasing aggregate demand.
The third channel is characterized by the financial accelerator mechanism. Higher interest rates depress asset prices (the real price of capital) bringing about a deterioration in net worth. Weaker balance sheet fundamentals cause an increase in the external finance premium thereby raising the opportunity cost of investment above and beyond the initial effect generated by the monetary tightening. This brings about an even sharper contraction in investment, which is the primary determinant of the deeper contraction. As discussed in further depth in other papers, the financial accelerator mechanism can amplify the effects of certain shocks (Bernanke, Gertler, and Gilchrist, 1999) .
IV. ESTIMATION OF THE MODEL FOR MALAYSIA
This section gives an overview of model estimation. It briefly reviews issues pertaining to data, parameter calibration, choice of prior distributions, and the resulting posterior distributions. An extensive discussion of these issues is covered in Alp and Elekdag (2011) .
A. Data
The log-linearized model is estimated using Bayesian methods popularized by Wouters (2003, 2007) . The model is estimated using quarterly data covering the years 2000-2010 using 12 standard time series, a few of which are shown in Figure 1 . Specifically, in line with many other studies, we have chosen to match the following set of variables: the levels of the domestic policy and foreign interest rates, the inflation rates of domestic GDP deflator and core consumer price and foreign consumer price indices, as well as the growth rates of GDP, consumption, investment, exports, imports, foreign GDP, and the real exchange rate.
B. Model Parameters
We followed the literature and calibrate certain parameters (see, for example, Christiano and others, 2010), which could be thought of as infinitely strict priors. Many of the parameters are chosen to pin down key steady state ratios characterizing the Malaysian economy (including trade openness, as measured by, for example, the exports-to-GDP ratio), while the remaining parameters are taken from the literature as summarized in Table 1 .
The remaining 43 parameters, shown in Table 2 , are estimated. These parameters determine the degree of the real and nominal rigidities, the monetary policy stance, as well as the persistence and volatility of the exogenous shocks. The table shows the assumptions pertaining to the choice of distribution, the means, standard deviations, or degrees of freedom. The choice of priors is in line with other studies (see Alp and Elekdag, 2011 , for a selected review of the literature). The posterior estimates of the variables are shown in the same table, which reports the means along with the 5 th and 95 th percentiles of the posterior distribution of the estimated parameters obtained through the Metropolis-Hastings sampling algorithm. In general, the parameter estimates are in line with those found in other studies. We also considered a few robustness exercises, which, for example, consider different monetary policy regimes (for example, a fixed exchange rate regime)-overall results are decisively in favor of the baseline.
V. THE ROLE OF MONETARY POLICY DURING THE CRISIS
This section of the paper presents our main quantitative findings. Using the estimated structural model briefly discussed above, counterfactual policy simulations are conducted to assess the role of monetary policy implemented by the BNM during the global financial crisis of 2008-09. We find that without a flexible exchange rate regime and active countercyclical monetary policy, the impact of the recent global financial crisis would have been substantially more severe. Put differently, the BNM's monetary policy framework (which is underpinned by a flexible exchange rate) seems to have increased the robustness of the Malaysian economy to shocks. In fact, model-based counterfactual simulations indicate that without the countercyclical and discretionary interest rates cuts implemented by the BNM, growth over the 2008:Q4-2009:Q3 period would have decreased from the actual realization of -2.9 percent to -3.4 percent. Moreover, if a fixed exchange rate regime were in place instead of the current monetary policy regime (which is underpinned by a flexible exchange rate), the results indicate that growth in over the same four quarters would have been -5.5 percent.
A. Setting Up the Counterfactual Simulations
Recall that this paper is trying to assess the role of the BNM's monetary policy framework in terms of mitigating the impact of the global financial crisis on the Malaysian economy.
Though intimately related, the model allows us to separately investigate the contributions of countercyclical interest rate policy and exchange rate flexibility in terms softening the impact of the crisis. Therefore, in what follows, we consider three counterfactual simulations and compare them with the actual realization which is our baseline. Under the baseline, the monetary policy framework (which is underpinned by a flexible exchange rate) operates in accordance with estimated baseline interest rate rule discussed above. In this context, the three counterfactual experiments are as follows:

No monetary policy shocks: this counterfactual posits strict adherence to the baseline empirical interest rate rule. It is a simulation which excludes the monetary policy shocks-that is, the monetary policy shocks, , are all set to zero in this simulation. It serves to address the following question: What would the dynamics of output have been if the BNM did not implement any discretionary loosening (deviations from the interest rate rule) during the crisis?
 Peg: in this counterfactual, the BNM is assumed to implement a strict fixed exchange rate regime. Intuitively, there are no discretionary deviations from the rule (which solely focuses on stabilizing the nominal exchange rate). Here we seek to address the following question: What would the dynamic of output growth have been if the BNM was implementing a fixed exchange rate regime?
 Peg with heightened financial vulnerability: under the last counterfactual, the BNM is presumed to operate under a fixed exchange rate regime as above, but with heightened financial vulnerabilities (achieved by calibrating the leverage ratio to three, rather than two under the baseline, see Alp and Elekdag, 2011 , for further details).
While not the main focus of the paper, our modeling framework allows us to construct such an illustrative counterfactual serving to address the following question: What would the dynamic of output growth have been if the BNM was implementing a fixed exchange rate regime and the economy was financially more vulnerable?  First, as expected, output growth declines the most under the fixed exchange rate regime. The lack of the exchange rate to serve as a shock absorber decreases the resiliency of the economy to the shocks that ensued during the global crisis. Intuitively, the illustrative counterfactual experiment with heightened financial vulnerabilities, and thereby a more pronounced balance sheets channel, leads to an even sharper decline in output. These counterfactual experiments highlight the role of the exchange rate flexibility as well as financial reforms that promote the soundness of the financial system. However, it should be noted that-consistent with BNM guiding principles-the simulations assume orderly exchange rate adjustments. Also, given the experience during the height of the global financial crisis, a significantly weak exchange rate may not necessarily lift export performance given exceptionally weak external demand.
B. Results Based on the Counterfactual Simulations
 Second, as discussed in the previous section, there is an important role for the discretionary departure from the interest rate rule, which helped soften the impact of the crisis. At first glance, while they may seem small, as we discuss in further detail in the next subsection, the role of these discretionary departures from the interest rate rule (the monetary policy shocks) are very much in line with the literature.
C. How Do Our Results Compare with Those in the Literature?
We now focus on the growth implications associated with the counterfactuals discussed above. This section tabulates the precise contributions to growth under the various counterfactuals discussed above, which are shown in Table 3 . As before, the intention is to focus on the most intense period of the global financial crisis, which for Malaysia covered the four quarters spanning the 2008:Q4-2009:Q3 period.
Before investigating the details, it would be useful to clarify the information contained in Table 3 . It would be useful to compare the results in Table 3 with the literature. Turning our attention to column [1], we see that the average contribution of the monetary shocks (discretionary deviations from the empirical interest rate rule) to output growth is about 77 basis points, which lies in between the values found by Chrisitiano and others (2007) for the U.S. (0.75 percent) and the euro area (1.27 percent). The cumulative growth contributions also seem reasonable, and give some further context on the role of monetary policy in terms of softening the impact of the crisis. -2009 :Q3, the actual growth rate was -2.9 percent. Our model-based simulations suggest that if the BNM had not departed from the empirical interest rate rule, growth would have instead been -3.4 percent. Furthermore, if instead of the current monetary policy regime, an exchange rate peg was in place, the results imply a growth rate of -5.5 percent. In sum, without the adoption of the flexible exchange rate regime, and active countercyclical monetary policy, the impact of the recent global financial crisis would have been substantially more severe.
While our results suggest that the current monetary policy framework underpinned by a flexible exchange rate supported growth during the global financial crisis, clearly other policies also played a role. It should be noted that we do not capture the direct effects of other measures implemented in response to the crisis including the provision of liquidity in the financial system, the backing of wholesale lending, and the reduction in reserve requirements.
3
During a severe economic crisis like the one seen during the 2008-09 global financial crisis, interest rate cuts by themselves may not be enough. Rather, complementary measures need to be introduced to reach specific sectors of the economy. Hence, in addition to easing interest rates and the measures noted above, the authorities' introduced a number of targeted measures to ensure continued access to financing, temporary extension of safety net, safeguarding the value of wealth and real income of deposits and cushioning highly vulnerable borrowers from the full impact of the crisis. Therefore, the results from the counterfactual scenarios on the extent to which BNM policies help soften the crisis could be viewed as conservative estimates.
VI. SUMMARY AND MAIN POLICY IMPLICATIONS
This paper argues that monetary policy implemented by the Bank Negara Malaysia (BNM) helped soften the impact of the global financial crisis. Specifically, the findings suggest that without the countercyclical and discretionary interest rate cuts along exchange rate flexibility, the global financial crisis would have been associated with a much deeper economic contraction in Malaysia.
The most intuitive way to communicate our quantitative findings is by taking the growth rate during the most intense year of the global financial crisis, as our baseline, namely the 2008:Q4-2009:Q3 period. Model-based counterfactual simulations indicate that without exchange rate flexibility and the countercyclical and discretionary interest rates cuts allowed under the BNM's monetary policy framework, growth over the most intense period of the crisis would have decreased from the actual realization of -2.9 percent to -5.5 percent. These results are based on counterfactual simulations derived from an estimated dynamic stochastic general equilibrium (DSGE) model which, and highlight the favorable output stabilization properties owing to the combination of countercyclical monetary policy and exchange rate flexibility.
In sum, given the openness of the Malaysian economy through both trade and financial channels, the flexibility and resilience of the economy are especially important when faced with exogenous shocks coming from elsewhere. In line with this, the monetary policy regime implemented by the BNM, which is underpinned by a flexible exchange rate, is well suited to the characteristics of the Malaysian, as demonstrated through the counterfactual experiments discussed in this paper in the context of the 2008-09 global financial crisis. No monetary policy shocks -3.4 -0.5 -0.5
Fixed exchange rate regime (peg) -5.5 -2.1 -2.6
Peg with heightened financial vulnerability -6.1 -0.6 -3.2
